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Many technological processes in the ﬁeld of agricultural production mechanization, such as a grain crop,
planting root-tuber fruits, fertilizing, spraying and dusting, pressing feed materials, harvesting of various
cultures, etc. are performed by the machine-tractor units with variable mass of links or processed media
and materials. In recent years, are also developing the systems of automatic control, adjusting and
control of technological processes and working members in agriculture production. Is studied the dy-
namics of transition processes of mountain self-propelled chassis with variable mass at real change
disconnect or joining masses that is most often used in the function of movement (m(t) ¼ ct)m(t) ¼ ct.
Are derived the formulas of change of velocity of movement on displacement of unit and is deﬁned the
dependence of this velocity on the tractor and technological machine performance, with taking into
account the gradual increase or removing of agricultural materials masses. According to the equation is
possible to deﬁne a linear movement of machine-tractor unit. According to the obtained expressions we
can deﬁne the basic operating parameters of machine-tractor unit with variable mass. The results of
research would be applied at deﬁnition of characteristics of units, at development of new agricultural
tractors.
© 2016 Agricultural University of Georgia. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Academician V.P. Goryachkin, developing the problems of agri-
cultural machinery theory, has been formulated the mechanics of
working environment as themechanics of bodies and variablemass
media, but the relevant mathematical apparatus is not proposed
and is not developed by them. Later, the problem of the dynamics of
mechanisms with variable masses of units and processed medium
is beginning to occupy an important place in the modern theory of
machines [1,2].
Many technological processes in the ﬁeld of agricultural pro-
duction mechanization, such as a grain crop, planting root-tuber
fruits, fertilizing, spraying and dusting, pressing feed materials,
harvesting of various cultures, etc. are performed by the machine-
tractor units with variable mass of links or processed media and
materials. In recent years, are also developing the systems of.ge (R.M. Makharoblidze),
uni.edu.ge (B.B. Basilashvili),
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a. Production and hosting by Elseautomatic control, adjusting and control of technological processes
and working members in agriculture production. The separate
parts of this system have variable mass or moment of inertia that
have a signiﬁcant impact on the dynamics and stability of the
system as a whole.
Thus, issues of mechanics of bodies of variable mass for agri-
cultural machinery are very relevant, and in spite of this, to the
development of engineering methods of dynamic processes
calculating in agricultural machinery has been given short shrift.
While in the monograph [3] were developed issues of optimization
method of dynamic processes in some agricultural machines with
variable reduced inertia moment by the variable gear ratios. In
short is studied the dynamics of agricultural machinery, where the
variability of the mass, moment of inertia and center of gravity is
achieved by physical separation or addition of mass at movement of
machinery.2. Basic part
At real change of disconnecting or joiningmasses, which is often
accepted as a function of time t, the equation of motion would be
written down by momentum equation [4e6].vier B.V. This is an open access article under the CC BY-NC-ND license (http://
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where m(t)eis the reduced mass of unit:
v e is the speed of executing link;
v* e is the velocity of elementary mass connection to the basic
mass;
Pg-is the driving force;
Pc- is the resistance force.
Driving force Pg let's represented due the mechanical charac-
teristic of the internal combustion engine in the area of charac-
teristic adjusting branch:
Mg ¼ A Bu (2)
The coefﬁcients A and B are determined from the mechanical
characteristics curves:
A ¼ MmaxuH MHuM
uH  uM
; B ¼ Mmax MH
uH  uM
; (3)
where Mmax e is the maximum torque of engine;
MH e is the nominal torque;
uM, uH e are the angular velocities of engine crankshaft atMmax
and MH.
We obtain that [7,8].
Pg ¼ Mgihmrk
¼ A Bu
rk
ihm ¼ A
ihm
rk
 B ihm
rk
u; (4)
where u e is the angular velocity of engine crankshaft;
i e is the gear ratio from the engine shaft to the drive axis;
hm e is the transmission efﬁciency;
rk e Is the rolling radius of the drive wheels.
Let's represent the angular velocity of crankshaft u through a
linear velocity of v.
u ¼ ð1 dÞi
rk
v: (5)
Then, the driving force (4) takes the form:
Pg ¼ A ihmrk
 B i
2hmð1 dÞ
r2k
v: (6)
Let's assume that the resistance force is constant Mc(t) ¼ Mc,
whereas the initial equation takes the following form:
mðtÞ dv
dt
þ v dmðtÞ
dt
þ vBi
2hmð1 dÞ
r2k
¼ v*dmðtÞ
dt
þ A ihm
rk
 Pc:
Hence:
dv
dt
þ v
dmðtÞ
dt þ
Bi2hmð1dÞ
r2k
mðtÞ ¼
v*
dmðtÞ
dt þ A
ihm
rk
 Pc
mðtÞ : (7)
Let's designate:f ðtÞ ¼
dmðtÞ
dt þ
Bi2hmð1dÞ
r2k
mðtÞ ; qðtÞ
v*dm
ðtÞ
dt þ A
ihm
rk
 Pc
mðtÞ : (8)
Equation (7) can be rewritten in the following form:
dv
dt
þ f ðtÞv ¼ qðtÞ: (9)
This is a linear equation of the ﬁrst order, the solution of which
at initial condition v(t¼0) ¼ v0 would be written as [8,9].
vðtÞ ¼ e

Zt
0
f ðtÞdt
2
6666664
vð0Þ þ
Zt
0
qðtÞe
Zt
0
f ðtÞ:dt
dt
3
7777775
: (10)
At initial condition for moS(t ¼ 0) ¼ S0 movement of unit we
obtain the expression:
SðtÞ ¼ S0 þ
ZS
0
e

Zt
0
f ðtÞdt
2
6666664
Sð0Þ þ
Zt
0
qðtÞe
Zt
0
f ðtÞdt
dt
3
7777775
dt: (11)
The linear acceleration of unit:
WðtÞ ¼ dv
dt
¼ qðtÞ  f ðtÞvðtÞ: (12)
Depending on the law of mass variation of machine-tractor unit
m and technological resistance Pc are determined the values of f(t)
and q(t) by formulae (8).
At study of acceleration of machine-tractor unit the acceleration
time would be divided into three periods: the ﬁrst e time with no-
load operation, during that is established certain idle mode, the
seconde from the start of cargo supply on theworking parts of unit
prior to the release of cargo, and the third e from the beginning of
cargo removal before the steady motion. The ﬁrst period of accel-
eration, at that the mass of unit and moment of resistance are
constant, we are not considered. We assume that in the second
period mass of cargo m* that is under transportation or processing
by working bodies of unit depends on the time t, measured from
the beginning of period for the reduced to tractor drive wheels, we
obtain the expression:
mðtÞ ¼ m0 þm*ðtÞ
rk
i
2
; (13)
where m0 e is the reduced mass to the driving wheels of all the
moving parts of unit;
m*ðtÞ e is the mass of cargo being in a given time in unit for
transportation or processing;
i e is the gearbox gear ratio;
rk e is the rolling radius of drive wheel.
Let's designate as U* the velocity of connected masses. Then
reduced to the drive wheels angular velocity v*, corresponding to
the U*, would be written down as;
v* ¼ U
rk
i (14)
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and the cargo is evenly spread to the working bodies, that is
m(t)¼ ct, where ce coefﬁcient of proportionality. Then, accordingly
of (13) and (8):
mðtÞ ¼ m0 þ nt; n ¼ c
rk
i
2
;
f ðtÞ ¼ nþ a
m0 þ nt
; qðtÞ ¼ v
*nþ b
m0 þ nt
(15)
where
a ¼ Bi
2hmð1 dÞ
r2k
; b ¼ A$ihm
rk
 Pc: (16)
By substituting (15) into equation (10), to the expression of
linear velocity we obtain:
vðtÞ ¼ e

Zt
0
nþ a
m0 þ nt
dt
2
6666664
vð0Þ þ
Zt
0
v*nþ b
m0 þ nt
e
Zt
0
nþ a
m0 þ nt
dt
$dt
3
7777775
:
(17)
Let's preliminary calculate:
Zt
0
nþ a
m0 þ nt
dt ¼ nþ a
n
[n
m0 þ nt
m0
: (18)
Then:
e

Zt
0
nþ a
m0 þ nt
dt
¼

m0
m0 þ nt
a
; (19)
where a ¼ nþan .
e
Zt
0
nþ a
m0 þ nt
dt
¼

m0 þ nt
m0
a
: (20)
Then:
Zt
0
v*nþ b
m0 þ nt
e
Zt
0
nþ a
m0 þ nt
dt
$dt ¼ v
*nþ b
ma0
Zt
0
ðm0 þ ntÞa1$dt
¼ v
*nþ b
m0$n$a
ðm0 þ ntÞa ma0:
(21)
After the substitution of the last expression in (11) for the linearvelocity of machine-tractor unit with variable mass we obtain the
equality;
vðtÞ ¼

m0
m0 þ nt
a(
vð0Þ þ v
*nþ b
ma0$n$a
ðm0 þ ntÞa ma0
)
: (22)
Or after the transformation:
vðtÞ ¼

vð0Þ  v
*nþ b
n$a

m0
m0 þ nt
a
þ v
*nþ b
n$a
: (23)
According to Equation (11) is possible to deﬁne a linear move-
ment of machine-tractor unit:
SðtÞ ¼ Sð0Þ þ 1
nða 1Þ$
ma0
ðm0 þ ntÞa1

v*nþ b
n$a
 v0

þ v
*nþ b
n$a
t:
(24)
The linear acceleration:
WðtÞ ¼ dvðtÞ
dt
¼ m
a
0
ðm0 þ ntÞaþ1

v*nþ b v0n
	
: (25)
According to the obtained expressions (22)… (25) we can deﬁne
the basic operating parameters of machine-tractor unit with vari-
able mass.
3. Conclusion
The dynamics of machine-tractor unit with variable mass, in
particular, at real change of disconnecting and joining masses is
offered. Are derived the design formulae of basic operational
parameter of machine-tractor unit with variable mass, as well as
linear movement of velocity and acceleration of machine-tractor
unit. The results of research would be applied at deﬁnition of
characteristics of units, at development of new agricultural tractors.
References
[1] A.P. Bessonov, Basics on the Dynamics of Mechanisms with Variable Masses of
Links, Nauka, Moscow, 1967 (in Russian).
[2] V.P. Stolyarchuk, N.F. Rachinets, B.M. Gladko, The Study Movement and Dy-
namics of Machines Equipped with an Electric Drive, Publishing of Lviv Uni-
versity, Lviv, 1972 (in Russian).
[3] R.M. Makharoblidze, Optimization of Dynamic Processes in the Agricultural
Machinery, Agropromizdat, Moscow, 1991 (in Russian).
[4] R.M. Makharoblidze, I.M. Lagvilvava, R.M. Khazhomia, B.B. Basilashvili, Theory
of soil compaction by running bodies of mountain tandem- wheeled self-
propelled chassis, Ann. Agrar. Sci. 14 (1) (2016) 51e58.
[5] R.M. Makharoblidze, I.M. Lagvilvava, R.M. Khazhomia, B.B. Basilashvili, Inter-
action of the undercarriage of mountain self-propelled chassis with the soil
based on the rheological models, Ann. Agrar. Sci. 13 (3) (2015) 61e69.
[6] R.M. Makharoblidze, I.M. Lagvilvava, O.G. Asatiani, A.B. Kobakhidze, Theory of
soil compaction running bodies of self-propelled chassis(In Russian), Acad.
Agric. Sci. Ga. 31 (2012) 322e327 (in Rusian).
[7] R.M. Makharoblidze, I.M. Lagvilvava, O.G. Asatiani, Stability of front wheel of
automated additional load system of tandem-wheeled self-propelled chassis,
Probl. Mech. 46 (1) (2012) 49e54.
[8] R.M. Makharoblidze, I.M. Lagvilvava, O.G. Asatiani, A.B. Kobakhidze, Stability of
front wheel of automated additional load system of tandem-wheeled self-
propelled chassis, Probl. Mech. 46 (1) (2012) 21e27.
[9] R.M. Makharoblidze, I.M. Lagvilvava, O.G. Asatiani, A.B. Kobakhidze, Passability
of tandem-wheeled self-propelled chassis, Probl. Mech. 46 (1) (2012) 43e47.
